Introduction {#S0001}
============

Human chemokine-like factor (CKLF)-like MARVEL transmembrane domain-containing family (CMTM) members are novel proteins characterized by the MARVEL domain.[@CIT0001],[@CIT0002] There are nine members in the CMTM family, CMTM1, CMTM2, CMTM3, CMTM4, CMTM5, CMTM6, CMTM7, CMTM8, and CKLF. As a kind of cellular transmembrane protein and secretory protein, the CMTM family members implicate in many important physiological processes, such as male reproduction and body immunity. CMTM2 is highly expressed in male testes detected by immunohistochemistry (IHC).[@CIT0003] Knock-out of CMTM2 or CMTM4 in mice could lead to a significant decline in sperm production, decreased epididymal sperm motility, and increased abnormal sperms, showing an essential role of CMTM2 or CMTM4 in spermiogenesis and male fertility.[@CIT0004],[@CIT0005] Moreover, CMTM4 and CMTM6 were identified as critical protein regulators of PD-L1 by protecting it from ubiquitination. CMTM6 interference could cause deregulated PD-L1 expression in many cancer cells and primary human dendritic cells.[@CIT0006] In recent studies, some CMTM family members were found deregulated in tumors and acted as potential tumor suppressors. CMTM3 was found hyper-methylated in colorectal cancer, male laryngeal squamous cell carcinoma, and non-small cell lung cancer (NSCLC).[@CIT0007]--[@CIT0009] CMTM3 could inhibit epidermal growth factor (EGF)-mediated migration and STAT3 signaling, suppress the expression of EGFR through promoting the degradation of EGFR in gastric cancer cells.[@CIT0010] In our previous studies, we have shown that CMTM4, CMTM6, and CMTM7 were down-regulated in hepatocellular carcinoma (HCC) tissues through IHC detection, and had a relationship with the poor prognosis of HCC patients after survival analysis, suggesting a tumor suppressor role of CMTM members in HCC carcinogenesis and progression.[@CIT0011]--[@CIT0013]

However, the role and mechanism of CMTM2 (alias name CKLFSF2) in tumors have not been well elucidated. Because of the high expression in human testes and spermatozoa, CMTM2 has been thought to be a pivotal protein for male reproduction.[@CIT0014] Most CMTM2 studies focused on explaining the relationship between CMTM2 expression and spermatogenesis through animal models. In these studies, deregulated CMTM2 expression was found to impair spermatogenesis, and spermatogenesis disorders could conversely lead to reduced CMTM2 expression. Patients with sertoli cell only syndrome (SCOS) had no expression of CMTM2 in the testicular tissues,[@CIT0015] and varicocele in rats caused a detrimental effect on CMTM2 levels and decreased spermatogonia cell number, seminiferous tubules diameter, and sperm indices.[@CIT0016] Apart from the wide expression in male reproductive systems, CMTM2 locates on chromosome 16q22.1 that harbors numerous tumor suppressor genes,[@CIT0003] implying a potential tumor-suppressive activity of CMTM2. Our recent study explored that CMTM2 was down-regulated in HCC tissues and had a correlation with the tumor grade of HCC patients.[@CIT0017] Furthermore, CMTM2 was found more highly expressed in metastatic salivary adenoid cystic carcinoma (SACC) tissues of patients without tumor recurrence or perineural invasion compared to those with tumor recurrence.[@CIT0018] These studies suggest that an important role of CMTM2 may play in the development of tumor metastasis.

To elaborate the role and mechanism of CMTM2 in HCC metastasis and progression, we knocked-down the expression of CMTM2 in HCC cell lines to measure the changes in cellular functions and epithelial-mesenchymal transition (EMT). We found that down-regulated CMTM2 promoted HCC metastasis through inducing the EMT process.

Materials and Methods {#S0002}
=====================

Tissue Samples {#S0002-S2001}
--------------

Thirty pairs of HCC and corresponding adjacent non-tumor tissues were collected at the Affiliated Hospital of Guilin Medical University between 2015 and 2016. All tissue samples were obtained from HCC patients underwent surgery without any radiotherapy or chemotherapy. The tissues were preserved in liquid nitrogen immediately after surgery. The tissue samples and clinicopathological information were collected under written informed consent from all patients. This study was conducted in accordance with the Declaration of Helsinki and with the approval from the Ethics Committee of Guilin Medical University.

Cell Lines and Plasmids {#S0002-S2002}
-----------------------

Human hepatocytes (L02) were purchased from the Cell Bank (Chinese Academy of Sciences, Shanghai, China), and hepatic tumor cell lines (Hep3B, Huh-7, SMMC7721) were purchased from ATCC (Manassas, VA, USA). The cell lines were all grown in a cell incubator at 37°C with a 5% CO~2~/95% air atmosphere.

Three shRNAs targeting CMTM2 were constructed from a GV102 vector by Genechem (Shanghai, China). The target sequence for KD-1\# was 5ʹ-GGGCACGCTGAGATCAAGATT-3ʹ, the target sequence for KD-2\# was 5ʹ-GGCCAGCAAAGGGAAAGAAAT-3ʹ, and the target sequence for KD-3\# was 5ʹ-GACCTCTTCAACGACCTGATT-3ʹ.

Quantitative Reverse-Transcription Polymerase Chain Reaction (qRT-PCR) {#S0002-S2003}
----------------------------------------------------------------------

Powdered tissues or cells were exposed to Trizol for total RNA extracting. After cDNA was produced from total RNA by reverse transcription reagents, the PCR reaction was started using SYBR Green Mixture (Tiangen, Beijing, China) according to the manufacture's procedure. The primers for detecting are showed in [[Supplementary Table 1](https://www.dovepress.com/get_supplementary_file.php?f=250370.docx)]{.ul}. The PCR reactions were: denaturation at 95°C for 10 min, 40 cycles of 95°C for 15 s, 65°C for 60 s. GAPDH was used as an internal control. The relative RNA expression was calculated using the 2^−ΔΔCt^ method.

Western Blot {#S0002-S2004}
------------

After extracted from cells using RIPA buffer and quantified, the soluble protein was resolved by SDS-PAGE and transferred to PVDF membranes for Western blot using ECL detection reagents. CMTM2 antibody (catalog No. NBP1-59439) was obtained from Novus (Littleton, CO, USA), EMT antibody sampler kit (catalog No. \#9782) from Cell Signaling Technology (Danvers, MA, USA) and anti-β-actin antibody (catalog No. 21800) from Signalway Antibody LLC (College Park, Maryland, USA).

Cell Proliferation Test {#S0002-S2005}
-----------------------

The cell proliferation was detected by CCK8 assay using a kit from Beyotime (Shanghai, China). 5×10^3^ cells/well were seeded in triplicate into 96-well plates. After 12 h, 24 h, 48 h, 72 h, and 96 h of culture, cells were treated with CCK8 and detected at OD values of 450 nm.

Colony Formation {#S0002-S2006}
----------------

Eight hundred cells/well were grown in a 6-well plate in triplicate and cultured for 2 weeks. After stained with crystal violet, the cell colony was photographed and counted under a microscope.

Cell Scratch Detection {#S0002-S2007}
----------------------

Cells were grown in triplicate into 6-well plates. After culturing for 12 h, cells were scratched by 10 μL micropipette tips and added with fresh serum-free medium. After 0 h, 24 h, and 72 h from scratch, cells were photographed and measured for the migration length using Image J software. The migration length was determined as the wound width at 0 h minus the wound width at 24 h/72 h.

Cell Invasion and Migration Ability Test {#S0002-S2008}
----------------------------------------

Cell invasion and migration ability were detected by BD Transwell assay according to the previous published method.[@CIT0019]

Statistical Analysis {#S0002-S2009}
--------------------

All the data were shown as mean ± standard deviation and analyzed by SPSS software. Chi-square and *t*-tests were applied for the comparison of qualitative data and quantitative data between the two groups, respectively. *P*\<0.05 was defined as statistically significant for all tests.

Results {#S0003}
=======

Knock-Down of CMTM2 Promotes HCC Cell Proliferation {#S0003-S2001}
---------------------------------------------------

In order to explore the biological functions of CMTM2 in HCC cells, we first measured the mRNA expression of CMTM2 in several cell lines, SMMC7721, Huh-7, and Hep3B by qRT-PCR. As shown in [Figure 1A](#F0001){ref-type="fig"}, the mRNA expression of CMTM2 was lower in SMMC7721, Huh-7, and Hep3B cells than that in normal human liver L02 cells. Compared with L02 cells, there were about 69.68±2.64% of mRNA expression of CMTM2 in SMMC7721 cells, 51.66±4.62% in Huh-7 cells, and 23.49±1.32% in Hep3B cells. We then selected SMMC7721 and Huh-7 cell lines for subsequent CMTM2 knock-down assays. We purchased three shRNAs targeting CMTM2 from Genechem, named as KD-1\#, KD-2\#, and KD-3\#. To find out the effect of these three shRNAs, we introduced the shRNAs into SMMC7721 cells. After 48 h of shRNAs transfection, we detected a significantly reduced mRNA expression of CMTM2 in SMMC7721 cells (*P*\<0.05, [Figure 1B](#F0001){ref-type="fig"}). Because KD-2\# and KD-3\# had the more knock-down effect, they were chosen for the next cell function assays.Figure 1Knock-down of CMTM2 promotes HCC cell proliferation.**Notes:** (**A**) The mRNA expression of CMTM2 in L02 cell line and HCC cell lines as indicated was detected by qRT-PCR. (**B**) The mRNA expression of CMTM2 in SMMC7721 cells after introduction of CMTM2 shRNAs. NC means negative control shRNA and KD means shRNA targeting CMTM2. (**C** and **D**) Cell proliferation was detected by CCK-8 in Huh-7 and SMMC7721 cells after knocking-down of CMTM2. \**P*\<0.05 compared to the control cells. (**E** and **F**) Cell proliferation was detected by colony formation assay in Huh-7 and SMMC7721 cells after knocking-down of CMTM2. \*\**P*\<0.01 compared to the control cells.**Abbreviations:** NC, negative control; KD, knock-down.

CMTM2 expression was then knocked-down by exogenous introduction of KD-2\# and KD-3\# in SMMC7721 and Huh-7 cell lines (named as SMMC7721-KD-2\#, SMMC7721-KD-3\#, Huh-7-KD-2\#, and Huh-7-KD-3\# cells). The control cells were introduced with a negative control plasmid (named as SMMC7721-NC and Huh-7-NC cells). After CMTM2 expression was knocked-down, both SMMC7721 and Huh-7 cells showed an increased cell proliferation, compared with the negative control cells (*P*\<0.05, [Figure 1C](#F0001){ref-type="fig"} and [D](#F0001){ref-type="fig"}). Colony formation assay also showed that the cell proliferation ability was increased after knocking-down the expression of CMTM2 (*P*\<0.01, [Figure 1E](#F0001){ref-type="fig"} and [F](#F0001){ref-type="fig"}). These results suggest that CMTM2 interference can promote the proliferation of HCC cells.

Knock-Down of CMTM2 Increases the Metastatic Ability of HCC Cells {#S0003-S2002}
-----------------------------------------------------------------

To find out whether CMTM2 plays a role in HCC cell metastasis, we performed a wound-healing assay to measure the metastatic ability of SMMC7721 and Huh-7 cells after knocking-down of CMTM2 expression ([Figure 2A](#F0002){ref-type="fig"} and [C](#F0002){ref-type="fig"}). As compared with Huh-7-NC cells, the metastatic ability of Huh-7-KD-2\# and Huh-7-KD-3\# cells was increased after 72 h of wound, especially Huh-7-KD-3\# cells (*P*\<0.05, [Figure 2B](#F0002){ref-type="fig"}). SMMC7721-KD-2\# and SMMC7721-KD-3\# cells also showed a wider migration distance than SMMC7721-NC cells after 72 h of wound (*P*\<0.05, [Figure 2D](#F0002){ref-type="fig"}). The wound-healing assay indicates that CMTM2 interference can promote the metastasis of HCC cells.Figure 2Knock-down of CMTM2 increases metastatic ability of HCC cells.**Notes:** (**A**) Metastatic ability of Huh-7 cells was analyzed by wound healing after knocking-down of CMTM2. (**B**) Relative migration distance calculated after knocking-down of CMTM2 in Huh-7 cells. (**C**) Metastatic ability of SMMC7721 cells was analyzed by wound healing after knocking-down of CMTM2. (**D**) Relative migration distance calculated after knocking-down of CMTM2 in SMMC7721 cells. \**P*\<0.05 compared to the control cells.**Abbreviations:** NC, negative control; KD, knock-down.

Knock-Down of CMTM2 Promotes HCC Cell Invasion and Migration {#S0003-S2003}
------------------------------------------------------------

To further confirm the relationship between CMTM2 expression and HCC cell metastasis, a cell invasion and migration assay was conducted in SMMC7721 and Huh-7 cell lines. After CMTM2 expression was interrupted in SMMC7721 and Huh-7 cells, transwell assay showed an increased invasion and migration ability of CMTM2 knocked-down cells compared with SMMC7721-NC and Huh-7-NC cells ([Figure 3A](#F0003){ref-type="fig"} and [C](#F0003){ref-type="fig"}). As shown in [Figure 3B](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}, both KD-2\# and KD-3\# shRNAs could lead to an obvious up-regulation of invasion and migration in SMMC7721 and Huh-7 cells (*P*\<0.05). These results show that decreased CMTM2 expression can promote the metastasis of HCC cells.Figure 3Knock-down of CMTM2 promotes HCC cell invasion and migration.**Notes:** (**A**) Invasion and migration of Huh-7 cells were analyzed by transwell assay after knocking-down of CMTM2. (**B**) Relative invasive and migrated cells calculated after knocking-down of CMTM2 in Huh-7 cells. (**C**) Invasion and migration of SMMC7721 cells were analyzed by wound healing after knocking-down of CMTM2. (**D**) Relative invasive and migrated cells calculated after knocking-down of CMTM2 in SMMC7721 cells. \**P*\<0.05 compared to the control cells.**Abbreviations:** NC, negative control; KD, knock-down.

Down-Regulated CMTM2 Promotes HCC Metastasis Through Inducing the EMT Process {#S0003-S2004}
-----------------------------------------------------------------------------

EMT is involved in the metastatic progression of various malignancies.[@CIT0020]--[@CIT0022] We measured the expression of EMT-associated factors to determine the EMT process after knocking-down the expression of CMTM2. As compared to Huh-7-NC cells, the epithelial markers E-cadherin and β-catenin in Huh-7-KD-2\# and Huh-7-KD-3\# cells were decreased by 44.89±11.14%, 14.75±15.68%, 16.47±4.40%, and 20.72±1.03%, respectively. While the mesenchymal markers N-cadherin and Vimentin in Huh-7-KD-2\# and Huh-7-KD-3\# cells were increased by 28.64±3.24%, 32.49±5.82%, 21.38±1.30%, and 40.73±9.46%, respectively ([Figure 4A](#F0004){ref-type="fig"}). Western blot results also showed that epithelial markers E-cadherin and β-catenin were decreased, while mesenchymal markers N-cadherin, Vimentin, zinc-finger E-box binding protein 1 (ZEB1) and ZEB2 were increased after CMTM2 was knocked-down ([Figure 4B](#F0004){ref-type="fig"}). These results show down-regulated CMTM2 can induce the EMT process in HCC cells.Figure 4Down-regulated CMTM2 promotes HCC metastasis through inducing EMT process.**Notes:** (**A**) Relative gene expression after knocking-down of CMTM2 in Huh-7 cells. \**P*\<0.05 compared to the control cells. (**B**) EMT protein expression after knocking-down of CMTM2 in Huh-7 cells. (**C**) Relative mRNA expression of CMTM2 in 30 HCC tissues. Lg(T/N) is logarithmic transformation of the CMTM2 expression in paired-HCC (T) and adjacent non-tumor tissues (N) by qRT-PCR. (**D**) Relative mRNA expression of E-cadherin in 30 HCC tissues. Lg(T/N) is logarithmic transformation of the E-cadherin expression in paired-HCC (T) and adjacent non-tumor tissues (N) by qRT-PCR.**Abbreviations:** NC, negative control; KD, knock-down.

To further explore the relationship between CMTM2 and EMT process, we detected the expression of CMTM2 and E-cadherin in the same 30 paired HCC and adjacent non-tumor tissues. In consistent with our previous IHC results,[@CIT0017] the mRNA expression of CMTM2 was down-regulated in 90.0% (27/30) of HCC tissues by qRT-PCR ([Figure 4C](#F0004){ref-type="fig"}). In addition, CMTM2 had a relationship with metastasis in HCC patients after Fisher's exact test (*P*\<0.05, [Table 1](#T0001){ref-type="table"}), which further supported the results in HCC cells. Furthermore, the mRNA expression of E-cadherin was also lower in 70.0% (21/30) of HCC tissues than that in the corresponding adjacent non-tumor tissues ([Figure 4D](#F0004){ref-type="fig"}). Although we did not find a significant correlation between the expression of E-cadherin and the clinicopathological features of HCC patients (*P*\>0.05, [Table 2](#T0002){ref-type="table"}), there was a significantly positive correlation between the expression of CMTM2 and E-cadherin in HCC tissues (r=0.437, *P*\<0.05, [Table 3](#T0003){ref-type="table"}). These results show that down-regulated expression of CMTM2 in HCC tissues can promote HCC metastasis through inducing the EMT process.Table 1Correlation Between CMTM2 Expression and Clinic-Pathological Characteristics of HCC PatientsVariablesTotalCMTM2 ExpressionP valueLowHigh**Gender** Male282531.000 Female220**Age-yr** ≥50181800.054 \<501293**Alcohol intake** No201910.251 Yes1082**HCC family history** No272431.000 Yes330**HBV infection** No5501.000 Yes25223**Liver cirrhosis** No121020.548 Yes18171**AFP (ng/mL)** ≥20201730.532 \<2010100**Tumor diameter (cm)** ≥5171430.238 \<513130**Tumor number** 1242131.000 \>1660**Tumor grade** Ⅰ+Ⅱ141311.000 III16142**Tumor stage** Ⅰ+Ⅱ222110.166 III+Ⅳ862**Vascular invasion** No212010.234 Yes972**Metastasis**No26251**0.039**Yes422[^2][^3] Table 2Correlation Between E-Cadherin Expression and Clinic-Pathological Characteristics of HCC PatientsVariablesTotalE-Cadherin ExpressionP valueHighLow**Gender** Male288200.517 Female211**Age-yr** ≥50186120.704 \<501239**Alcohol intake** Yes10371.000 No20614**HCC family history** Yes3121.000 No27819**HBV infection** No5141.000 Yes25817**Liver cirrhosis** No12930.704 Yes18135**AFP (ng/mL)** ≥20208120.204 \<201019**Tumor diameter (cm)** ≥5176110.691 \<513310**Tumor number** 1248160.637 \>1615**Tumor grade** Ⅰ+Ⅱ143110.440 III16610**Tumor stage** Ⅰ+Ⅱ226160.666 III+Ⅳ835**Vascular invasion** Yes9450.389 No21516**Metastasis**Yes4310.069No26620[^4][^5] Table 3The Correlation Between CMTM2 and E-Cadherin in HCC TissuesCorrelationCMTM2r value*P* valueLowHighE-cadherinLow2010.437**0.016**High72[^6]

Discussion {#S0004}
==========

Through knocking-down the expression of CMTM2 in HCC cells, we found that down-regulation of CMTM2 could promote cell proliferation and metastasis, further supporting the suppressive role of CMTM2 in HCC pathogenesis and progression. Moreover, we discovered a significantly positive correlation between the expression of CMTM2 and E-cadherin.  both in HCC cells and tumor tissues, suggesting a novel mechanism of CMTM2 in HCC metastasis.

Cancer is one of the major diseases that seriously endanger human health in the world. Now the incidence of cancer is getting higher and younger. Many studies have found that metastasis is the main cause of high cancer mortality, and about 90% of cancer-related deaths are due to metastasis.[@CIT0023],[@CIT0024] Metastasis is also an important risk factor for cancer recurrence after clinical surgery, chemotherapy, or radiotherapy.[@CIT0025],[@CIT0026] Because of high recurrence and high metastasis, HCC is one of the malignant tumors with the highest mortality rate. The identification of mechanism in HCC metastasis is in a need for HCC treatment and prognosis.

Accumulated evidences indicate that EMT, an early sign of tumor metastasis, plays a vital role in HCC progression.[@CIT0027],[@CIT0028] EMT refers to the conversion of epithelial cells to mesenchymal cells under normal physiological or specific pathological conditions. EMT occurs in the initial stage of tumor metastasis, endows tumor cells with an invasion and migration ability to break through the basement membrane and enter the circulatory system, and then forms a life-threatening tumor distal metastasis.[@CIT0029] Molecular biological characteristics of EMT include the down-regulation of epithelial markers (such as E-cadherin and β-catenin) and up-regulation of mesenchymal markers (such as N-cadherin and Vimentin).[@CIT0030] The decreased expression of β-catenin might result from its nuclear accumulation or activated form.[@CIT0031],[@CIT0032] While E-cadherin could be silenced epigenetically by ZEB1 to recruit multiple chromatin enzymes of E-cadherin at its promoter.[@CIT0033] In HCC cells, we found that the epithelial markers E-cadherin and β-catenin were decreased, while the mesenchymal markers N-cadherin, Vimentin, ZEB1 and ZEB2 were increased after knocking-down the expression of CMTM2. Moreover, both the expression of E-cadherin and CMTM2 were down-regulated in HCC tissues. Our results showed that down-regulated CMTM2 could induce the EMT process to promote HCC metastasis.

CMTM family members are recently identified as tumor suppressors in many kinds of cancers. They are deregulated by genetic or epigenetic modifications in various cancers. Recurrent mutations in CMTM2 were found in diffuse-type gastric cancer (DGC) and pivotal in the progression of DGC.[@CIT0034] CMTM5 single-nucleotide polymorphism (SNP) rs3811178 and CMTM6 SNP rs164207 were thought to contribute to HCC susceptibility in the southern Chinese population.[@CIT0035] CMTM3 protein was absent in gastric cancer and colorectal cancer, which was well correlated with its methylation status.[@CIT0036] The promoter of CMTM5 can also be methylated to exhibit its tumor suppressor activity in oral squamous cell carcinoma.[@CIT0037] In addition, miR-135b-5p was reported to promote gastric cancer progression by targeting CMTM3.[@CIT0038] Our results showed that CMTM2 had a down-regulated expression in HCC cells and tissues. Whether there is copy number variation, mutation, promoter methylation, or microRNAs regulation of CMTM2 expression in HCC needs to be elaborated in future work.

Apart from CMTM2, some other CMTM family members have also been investigated to have a relationship with the EMT process. Yuan W et al showed that CMTM3 suppressed metastasis and EMT of gastric cancer via the STAT3/Twist1/EMT signaling pathway.[@CIT0039] Zhang W et al reported that knock-down of CMTM8 expression could acquire EMT features in HepG2 cells and increase invasive and migratory ability. They also found that the epithelial marker E-cadherin was reduced after CMTM8 knocking-down.[@CIT0040] When liver cancer SK-Hep-1 cells were over-expressed with CMTM7, the expression of E-cadherin protein was increased and N-cadherin protein was decreased, indicating CMTM7 had a migration-suppressive ability.[@CIT0041] The positive correlation between the expression of CMTM2 and E-cadherin in our study further confirms the role of CMTM members in cancer metastasis.

Conclusion {#S0005}
==========

In conclusion, we report for the first time that down-regulated CMTM2 promotes the metastasis of HCC via inducing the EMT process. The mechanism of CMTM2 in HCC metastasis explored in this study will provide more potential targets for HCC therapy.
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